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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The semi-conductor phase shifter characterized by having a hybrid circuit, the 
circuit which carries out parallel connection of a capacitor and the inductor, and becomes so 
that an end may be connected to the first output terminal and second output terminal of the 
above-mentioned hybrid circuit, respectively and inductive reactance may be presented, the 
impedance adjustable circuit which is connected to the other end of the circuit of each above, 
and comes to use an impedance adjustable semiconductor device with bias voltage, and a bias 
means to impress bias voltage to the above-mentioned semiconductor device. 
[Claim 2] An end is connected to the first output terminal and second output terminal of a 
hybrid circuit and the above-mentioned hybrid circuit, respectively. It becomes by the 
parallel connection of the first branch which has impedance adjustable a semiconductor 
device and a capacitor with bias voltage, and the second branch which has an impedance 
adjustable semiconductor device and resistance with bias voltage. The semi-conductor phase 
shifter characterized by having the impedance adjustable circuit where the first branch of the 
above becomes equivalent [ a capacitor and the second branch ] to the above-mentioned 
resistance in the state of the bias which makes the above-mentioned semiconductor device 
low impedance, and a bias means to impress bias voltage to the above-mentioned 
semiconductor device. 

[Claim 3] The semi-conductor phase shifter characterized by to have a bias means impress 
bias voltage to the gate electrode of the above-mentioned field-effect transistor using the 
field-effect transistor which grounded one electrode other than a gate electrode as the above- 
mentioned semiconductor device in the semi-conductor phase shifter which comes 
electrically to connect the impedance adjustable circuit which comes to use an impedance 
adjustable semiconductor device for the first output terminal and second output terminal of a 
hybrid circuit with bias voltage, respectively, and to connect a capacitor with the drain of the 
above-mentioned field-effect transistor between the sources. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to broadband-izing and RF-izing of 

a semi-conductor phase shifter with respect to a semi-conductor phase shifter. 

[0002] 

[Description of the Prior Art] Drawing 16 is for example, S.HOPFER and "Analog. Phase 
Shifter for 8-18 GHz"MICROWAVE JOURNAL, March, 1979 It is the representative circuit 
schematic showing an example of the configuration of the conventional semi-conductor 
phase shifter shown in PP. 48-50. In drawing, the varactor diode 4 which grounded the end, 
respectively is connected to the first output terminal 2 and second output terminal 3 of a 
hybrid circuit 1 . Although bias is impressed to varactor diode 4 from the exterior, as for the 
bias circuit for it etc., illustration is omitted here. 

[0003] Next, actuation is explained. From an input terminal 5, equipartition of the signal 
which carried out incidence is carried out, and it appears in the first output terminal 2 and 
second output terminal 3, and it is reflected by diode 4 and it appears in the third output 
terminal 6. In this case, if the bias impressed to varactor diode 4 is changed, the impedance 
which varactor diode 4 presents will change and it will function as an impedance adjustable 
circuit. Consequently, if the bias impressed to two varactor diodes 4 is changed to 
coincidence, the phase of the signal which is reflected from such varactor diodes 4 and 
appears in the third output terminal 6 can change, and it can be made to operate as a phase 
shifter. 

[0004] Drawin g 17 is a representative circuit schematic for explaining actuation to a detail 
further. Although it is used impressing a reverse bias to varactor diode 4, since the resistance 
component of the varactor diode 4 in this case is small enough, varactor diode 4 can be 
expressed with a capacitor equivalent. So, the varactor diode 4 at the time of changing 
impression bias is expressed with capacitors CI and C2 here, respectively. 
[0005] Drawing 18 shows the reflection coefficients gammal and gamma2 which CI and C2 
present, when CI and C2 are chosen so that the amount phi of phase shifts necessary with 
center frequency may be realized as C1>C2. A difference with the phase shift theta 2 of the 
phase shifts theta 1 and gamma2 of gamma 1 is phi. Next, the frequency characteristics of 
gammal and gamma2 are considered. The case where a frequency changes to a low-pass side 
from center frequency is described first. On a low frequency, both the impedances that CI 
and C2 present turn into a high impedance, and a phase progresses. Under the present 
circumstances, reflection coefficient gamma 1L which CI and C2 present in low-pass a result 
with a larger change of theta 1 than change of theta 2 and gamma2L It comes to be shown in 
drawing 19 , respectively, and is amount of phase shifts phiL. It becomes smaller than phi. 
On the other hand, when a frequency changes to a high region side from center frequency, it 
comes to be shown in drawin g 19 , respectively reflection coefficient gamma lh which both 
the impedances that CI and C2 present turn into low impedance, and CI and C2 present in a 
high region a result with a change of theta 1 smaller than change of theta 2, and gamma2h. 
Also in this case, amount of phase shifts phih is smaller than phi. Consequently, as shown in 
drawing 20 , the frequency characteristics of the amount of phase shifts of this conventional 
kind of phase shifter turn into the monophasic property that the amount change of phase 
shifts in a band is big, when a broadband. Moreover, since the semi-conductor process of a 
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proper was required in order to use varactor diode as a semiconductor device, it could not 
form in the amplifier and one using the component which has magnification functions, such 
as a field-effect transistor, but had become the factor which obstructs fertilization. 
[0006] 

[Problem(s) to be Solved by the Invention] Since the conventional semi-conductor phase 
shifter was constituted as mentioned above, the frequency characteristics of the amount of 
phase shifts turned into monophasic, when a band of operation was large, the amount of 
phase shifts decreased rapidly the high region of a band, and near low-pass both ends, and 
there was a problem on which the amount error of phase shifts increases. Moreover, when the 
field-effect transistor which changes into varactor diode and can be formed in the same 
process as an amplifier a sake [ on a mass-production disposition ] was used, there was a 
trouble of being hard to realize suitable capacity compared with varactor diode. Moreover, 
there was a problem that the small small field-effect transistor of the unnecessary parasitism 
reactance suitable for high frequency could not be used. Furthermore, in a field-effect 
transistor, since the resistance change accompanying impedance change was large, there was 
a problem that loss fluctuation was large. 

[0007] This invention was made in order to solve the above troubles, and it aims at 
broadband-ization of a semi-conductor phase shifter. Moreover, it aims at obtaining the semi- 
conductor phase shifter equipped with the improvement in the mass-production nature of a 
semi-conductor phase shifter, and the engine performance good to a high frequency. 
[0008] 

[Means for Solving the Problem] It connects with the other end of a hybrid circuit, the circuit 
which carries out parallel connection of a capacitor and the inductor, and becomes so that an 
end may be connected to the first output terminal and second output terminal of the above- 
mentioned hybrid circuit, respectively and inductive reactance may be presented, and the 
circuit of each above, and the semi-conductor phase shifter of claim 1 of this invention is 
equipped with the impedance adjustable circuit which comes to use an impedance adjustable 
semiconductor device with bias voltage, and a bias means to impress bias voltage to the 
above-mentioned semiconductor device. Moreover, the semi-conductor phase shifter of claim 
2 of this invention An end is connected to the first output terminal and second output terminal 
of a hybrid circuit and the above-mentioned hybrid circuit, respectively. It becomes by the 
parallel connection of the first branch which has impedance adjustable a semiconductor 
device and a capacitor with bias voltage, and the second branch which has an impedance 
adjustable semiconductor device and resistance with bias voltage. It has the impedance 
adjustable circuit where the first branch of the above becomes equivalent [ a capacitor and 
the second branch ] to the above-mentioned resistance in the state of the bias which makes 
the above-mentioned semiconductor device low impedance, and a bias means to impress bias 
voltage to the above-mentioned semiconductor device. In the semi-conductor phase shifter to 
which the semi-conductor phase shifter of claim 3 of this invention comes electrically to 
connect the impedance adjustable circuit which comes to use an impedance adjustable 
semiconductor device for the first output terminal and second output terminal of a hybrid 
circuit with bias voltage, respectively It has a bias means to impress bias voltage to the gate 
electrode of the above-mentioned field-effect transistor, using the field-effect transistor 
which grounded one electrode other than a gate electrode as the above-mentioned 
semiconductor device, and a capacitor is connected with the drain of the above-mentioned 
field-effect transistor between the sources. 
[0009] 

[Function] In invention of claim 1, it is a high frequency, and since series loading of the 
inductive reactance is carried out to a capacitive reactance, the variability region of a 
theoretic reflective phase is expandable to 360 degrees from 180 conventional degrees. 
Consequently, reduction of the amount of phase shifts in a high frequency can be pressed 
down, and broadband-ization can be attained. Moreover, in the condition that a phase is 
comparatively overdue, by loading resistance in an impedance adjustable circuit and 
juxtaposition, the impedance in this condition falls and a phase is further overdue in 
invention of claim 2. Consequently, reduction of the amount of phase shifts can be pressed 
down in the low large frequency of the effect by this resistance loading, and broadband- 
ization can be attained. Moreover, in invention of claim 3, as a result of the small small field- 
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effect transistor of an unnecessary parasitism reactance becoming usable, the engine 

performance good to a high frequency is realizable. 

[0010] 

[Example] Example 1 . drawing 1 is the circuitry Fig. showing one example of this invention. 
The circuit 9 which carries out parallel connection of an inductor 7 and the first capacitor 8, 
and becomes so that inductive reactance may be presented is connected to the first output 
terminal 2 and second output terminal 3 of a hybrid circuit 1, such as a tie way type hybrid. 
The drain of the first field-effect transistor 1 1 is further connected to the above-mentioned 
circuit 9 through the second capacitor 10. The source of the first field-effect transistor 1 1 is 
grounded, and is the configuration of impressing bias to the gate through a bias circuit (not 
shown). Here, it consists of a circuit 9, the second capacitor 10, and the first field-effect 
transistor 1 1, and the circuit loaded in the first output terminal 2 and second output terminal 3 
is called the reflective phase shift adjustable circuit 12. 

[001 1] Next, actuation is explained. Drawing 2 and drawing 3 are the representative circuit 
schematics for explaining to drawing 1 actuation of the semi-conductor phase shifter in 
which circuitry was shown. By changing the bias voltage impressed to the gate of the first 
field-effect transistor 1 1 to 0V and pinch off voltage, between the drain of the first field- 
effect transistor 1 1 and the source can be changed to resistance and a capacitor. This 
resistance and a capacitor are expressed as Ra and calcium, respectively. Here, since this 
resistance can be disregarded supposing the magnitude of Resistance Ra is small enough 
compared with the impedance which the second capacitor 1 0 presents, you may think that the 
second capacitor 10 is grounded directly. Therefore, when impression bias is 0V, the second 
capacitor 10 is loaded in a circuit 9. On the other hand, when impression bias is pinch off 
voltage, the second capacitor 10 and the equivalent capacitor calcium which the first field- 
effect transistor 1 1 presents are loaded in a serial in a circuit 9. Consequently, by changing 
the impression bias to the first field-effect transistor 1 1 , the reflective phase adjustable circuit 
12 loaded in the first output terminal 2 and second output terminal 3 can function as an 
impedance adjustable circuit, and can change the phase of a phase shifter. 
[0012] Subsequently, the effectiveness of a circuit 9 is described. A continuous line shows 
the frequency characteristics of the reactance of the circuit 9 which carried out parallel 
connection of the capacitor to the inductor to drawing 4 R> 4, and a broken line shows the 
frequency characteristics of the reactance of an inductor simple substance to it. The inside Fr 
of drawing is the resonance frequency of a circuit 9. Big inductive reactance can be realized 
on the comparatively high frequency near the Fr, without making most inductive reactance in 
a low frequency increase by using a circuit 9. If the second capacitor 10 and first field-effect 
transistor 1 1 are chosen as it supposes that it is the same as that of the capacity of CI which 
showed the capacity of the second capacitor 10 in the conventional example here and is the 
same as that of the capacity of C2 which showed the series capacitance of the second 
capacitor 10 and Capacitor calcium in the conventional example, the circuit shown in 
drawin g 2 and drawing 3 can be expressed in the circuit shown in drawin g 5 . As an example, 
the reflection coefficient of the reflective phase adjustable circuit 12 at the time of choosing a 
circuit constant in this way is shown in drawing 6 . In the center frequency of a band, since 
the inductive reactance loaded in a serial by the circuit 9 is small, reflection coefficients 
gamma 1 and gamma2 become almost the same as that of the former. On the other hand, in a 
high region, comparatively big inductive reactance is loaded in a serial at the capacitive 
reactance which CI and C2 present. The case where the value of an inductor 7 and the first 
capacitor 8 is chosen here as reflection coefficient gamma lh in the condition of CI loading 
was made into inductivity and it became capacitive about reflection coefficient gamma2h in 
the condition of C2 loading is shown in drawing 6 . As a result of the phase change range of 
gammalh becoming 180 degrees or more, reduction of the amount of phase shifts is pressed 
down and the amount of phase shifts comparable as center frequency is obtained also in a 
high region. In addition, when [ both ] a frequency becomes still higher, as a result of the 
reflection coefficient in both the conditions of CI loading and C2 loading becoming 
inductivity, the amount of phase shifts decreases again, the first output terminal 2 and second 
output terminal are opened in the resonance frequency of a circuit 9, and the amount of phase 
shifts serves as zero. Therefore, as shown in the example of drawing 7 , the frequency 
characteristics of the amount of phase shifts of the phase shifter by this invention turn into 
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bimodal, and serve as a broadband compared with the case of monophasic [ conventional ]. 
[0013] Example 2. drawing 8 is the circuitry Fig. showing one example of the semi- 
conductor phase shifter which improved the low-pass property by this invention. The drain of 
the first electric-field transistor 1 1 is connected to the first output terminal 2 and second 
output terminal 3 of a hybrid circuit 1 through the second capacitor 10. The source of the first 
field-effect transistor 1 1 is grounded, and is the configuration of impressing bias to the gate 
through a bias circuit (not shown). The drain of the second field-effect transistor 14 is further 
connected to the first output terminal 2 and second output terminal 3 of a hybrid circuit 1 
through the first resistance 13 shown by Rl. The source of the second field-effect transistor 
14 is grounded, and is the configuration of impressing bias to the gate through a bias circuit 
(not shown) further. The reflective phase adjustable circuit 12 is constituted by the second 
capacitor 10, the first resistance 13, the first field-effect transistor 11, and the second field- 
effect transistor 14. 

[0014] Next, actuation is explained. Drawin g 9 is a representative circuit schematic for 
explaining the actuation of a circuitry Fig. shown in drawing 8 . As stated previously, the first 
field-effect transistor 1 1 and the second field-effect transistor 14 change to a capacitor and 
resistance according to the impression bias to the gate, and this resistance is so small that it 
can be disregarded about change of the amount of phase shifts. Therefore, supposing the 
capacity which the second field-effect transistor 14 by which a series connection is carried 
out to the first resistance 13 shown by Rl presents is small, the second field-effect transistor 
14 can be considered to be an ideal switch. If it follows, for example, the second capacitor 10 
and first field-effect transistor 1 1 are made the same as that of the thing in explanation of 
drawing 5 , the reflective phase adjustable circuit 12 loaded in the first output terminal 2 and 
second output terminal 3 can be switched to a capacitor CI, the parallel circuit of resistance 
Rl, and a capacitor C2 by changing the impression bias to the gate of the second field-effect 
transistor 14. 

[0015] Subsequently, the effectiveness of the first resistance 13 is described. The reflection 
coefficient of the circuit which carried out parallel connection of the resistance Rl is united 
with the reflection coefficient of only a capacitor CI, and is shown in a capacitor CI at 
drawing 10 . inside of drawing, and gammalL — gamma2L and gamma3L It is the reflection 
coefficient which the parallel circuit of CI, C2, and CI and Rl presents in low-pass, 
respectively. Moreover, gamma 1, gamma2, and gamma3 are reflection coefficients which the 
parallel circuit of CI, C2, and CI and Rl presents in center frequency, respectively. 
Reflection coefficient gamma3L of the circuit which carried out parallel connection of CI 
and Rl since the impedance which a capacitor CI presents on low-pass was comparatively 
large Greatly in response to the fact that the effect of Rl, compared with the case of only a 
capacitor CI, a phase is overdue. Consequently, the amount of phase shifts increases 
compared with the case where there is no resistance Rl. On the other hand, in center 
frequency, since the impedance which a capacitor CI presents becomes small, the impedance 
of the circuit which carried out parallel connection of CI and Rl becomes dominant [ the 
impedance which a capacitor CI presents ], and the effect of resistance Rl becomes small 
relatively. Consequently, the reflection coefficient gamma 3 of the above-mentioned parallel 
circuit becomes almost the same as that of gamma 1, and that of change of the amount of 
phase shifts by resistance Rl is small. Furthermore, in a high region, since the effect of 
resistance Rl becomes still smaller, the amount of phase shifts becomes almost the same as 
that of the case where there is no resistance Rl. Therefore, as shown in drawing 1 1 , the low- 
pass amount of phase shifts becomes large, and the amount property of phase shifts of the 
phase shifter by this invention can attain broadband-ization compared with ** and the former 
as the amount change of phase shifts is loose. 

[0016] In the example 3. above-mentioned example 1, the reflective phase adjustable circuit 
12 showed the configuration which comes to carry out series connection of a circuit 9, the 
second capacitor 10, and the first field-effect transistor 11. However, as shown not only in 
this but in d rawin g 12 , it is good also as a configuration which increases the degree of 
freedom of a capacity setup of the first field-effect transistor 1 1 as a configuration which 
connects the third capacitor 15 to juxtaposition further to the first field-effect transistor 11. 
[0017] Example 4. and the above-mentioned example 1 showed the configuration which 
carried out series connection of the second capacitor 10 and the first field-effect transistor 11. 
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However, as shown not only in this but in drawing 13 and drawing 14 , it is good also as a 
configuration which connects the fourth capacitor 16 to juxtaposition further, makes usable 
the first field-effect transistor 1 1 of the small small configuration of an unnecessary 
parasitism reactance, and can realize the good engine performance to a high frequency. 
[0018] Although the reflective phase adjustable circuit 12 showed the configuration which 
comes to carry out series connection of the second capacitor 10 and the first field-effect 
transistor 1 1 in example 5. and the above-mentioned example 1 As shown not only in this but 
in drawing 15 , to the first field-effect transistor 1 1 as a configuration which connects the 
second resistance 17 to juxtaposition further It is good also as a configuration which makes 
small loss fluctuation at the time of changing the bias impressed to the gate of the first field- 
effect transistor 11, and changing to resistance and a capacitor. 

[0019] In addition, although the above-mentioned example 3, the example 4, and the example 
5 showed the example of application to the semi-conductor phase shifter which improved the 
high region property shown in the example 1 , it cannot be overemphasized that it is 
applicable not only to this but the semi-conductor phase shifter which improved the low-pass 
property shown in the example 2. 
[0020] 

[Effect of the Invention] Since it considered as the configuration by which series loading of 
the inductive reactance is carried out to a capacitive reactance and the variability region of a 
theoretic reflective phase shift was expanded to 360 degrees from 180 conventional degrees 
according to invention of claim 1 as mentioned above, the broadband semi-conductor phase 
shifter with which reduction of the amount of phase shifts in a high region frequency was 
controlled can be obtained. Moreover, since it considered as the configuration which the 
impedance of the impedance adjustable circuit in a low-pass frequency is reduced with 
resistance loading, and delays a phase further according to invention of claim 2, the 
broadband semi-conductor phase shifter with which reduction of the amount of phase shifts 
in a low-pass frequency was controlled can be obtained. Furthermore, since it considered as 
the configuration which enables use of the small small field-effect transistor of an 
unnecessary parasitism reactance according to invention of claim 3, the semi-conductor phase 
shifter equipped with the engine performance good to a high frequency can be obtained. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the circuitry Fig. of the example 1 of this invention. 

[Drawing 2] It is a representative circuit schematic for explanation of the example 1 of this 
invention of operation. 

[Drawing 3] It is a representative circuit schematic for explanation of the example 1 of this 
invention of operation. 

[Drawing 4] It is a reactive characteristic Fig. for explanation of the example 1 of this 
invention of operation. 

[Drawing 5] It is a representative circuit schematic for explanation of the example 1 of this 
invention of operation. 

[Drawing 6] It is the property Fig. showing the reflection coefficient of the reflective phase 
adjustable circuit of the example 1 of this invention. 

[Drawing 7] It is the property Fig. showing the amount of phase shifts of the example 1 of 
this invention. 

[Drawing 8] It is the circuitry Fig. of the example 2 of this invention. 

[Drawing 9] It is a representative circuit schematic for explanation of the example 2 of this 
invention of operation. 

[Drawing 10] It is a property Fig. to show the effectiveness of loading resistance of the 
example 2 of this invention. 

[Drawing 1 1] It is the property Fig. showing the amount of phase shifts of the example 2 of 
this invention. 

[Drawing 12] It is the circuitry Fig. of the example 3 of this invention. 
[Drawing 13] It is the circuitry Fig. of the example 4 of this invention. 

[Drawing 14] It is the circuitry Fig. showing application in the example 3 of the example 4 of 
this invention. 

[Drawing 15] It is the circuitry Fig. of the example 5 of this invention. 
[Drawing 16] It is the circuitry Fig. of the conventional semi-conductor phase shifter. 
[Drawing 17] It is a representative circuit schematic for explanation of the conventional 
semi-conductor phase shifter of operation. 

[Drawing 18] It is a property Fig. for explanation of the conventional semi-conductor phase 
shifter of operation. 

[Drawing 19] It is a property Fig. for explanation of the conventional semi-conductor phase 
shifter of operation. 

[Drawin g 20] It is the property Fig. showing the amount of phase shifts of the conventional 
semi-conductor phase shifter. 
[Description of Notations] 

1 Hybrid Circuit 

2 First Output Terminal 

3 Second Output Terminal 

4 Varactor Diode 

5 Input Terminal 

6 Third Output Terminal 

7 Inductor 

8 First Capacitor 
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9 Circuit 

10 Second Capacitor 

1 1 First Field-effect Transistor 

12 Reflective Phase Adjustable Circuit 

13 First Resistance 

14 Second Field-effect Transistor 

1 5 Third Capacitor 

1 6 Fourth Capacitor 

17 Second Resistance 
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